Absract. The aim of this pilot phase II trial was to investigate the toxicity and anti-tumour activity of a novel metronomic regimen of weekly cisplatin (CDDP) and oral etoposide (VP16) in high-risk patients with advanced NSCLC. The study enrolled 31 high-risk patients (27 men and 4 women aged 16-82 years; mean, 64.3) with NSCLC (18 stage IIIB and 13 stage IV) and an ECOG performance status of ≤3, all of whom received weekly CDDP 30 mg/m 2 iv on days 1, 8, 14 and 28 of each cycle and oral daily etoposide 50 mg/m 2 on 21 of the 28 days. The most frequent adverse events were grade III leukopenia and anemia; nevertheless, three patients died of pulmonary embolism after 2, 3 and 6 weeks of treatment. The objective response (OR) rate was 45.2% (2 complete and 12 partial), and the disease control rate was 58.1% (14 ORs and 4 disease stabilisations). The mean time to progression and survival were respectively nine months (95% CI, 6.3-15.8 months) and thirteen months (95% CI, 9.1-20.5 months). Pharmacological analysis showed that this metronomic regimen allows a much greater median monthly area under the curve of CDDP and VP16 than conventional treatment schedules. Our findings also suggest that this treatment schedule may affect tumour growth and neoangiogenesis by changing peripheral blood vascularendothelial growth factor levels. These preliminary results indicate that our metronomic regimen is well tolerated and active, even in patients with a very poor prognosis.
Introduction
Non-small cell lung cancer (NSCLC) is the most common malignancy in humans and the leading cause of cancer death worldwide (1-3). There are nearly 350,000 new NSCLC patients every year in Western countries, 55% of whom present with stage IIIB or IV disease and cannot undergo curative radical surgery; furthermore, one-third of patients treated with curative intent due to being diagnosed with early-stage disease will relapse and eventually succumb to the disease. All patients with advanced or relapsed disease have a poor prognosis and usually die within one year, with an overall median survival of 8-11 months. Only one-third of patients diagnosed with advanced disease live for one year, and only 10-21% live for two years (3) .
The high rate of mortality associated with the disease is due to the remarkable chemo-refractoriness and metastatic potential of lung cancer cells. The results of a number of trials have shown that the most effective regimens for treating advanced NSCLC must contain cisplatin (CDDP) or other platinum derivatives in combination with a second cytotoxic drug such as the type II topoisomerase inhibitor, etoposide (VP16); the vinca alkaloid, vinorelbine (VNB); the nucleoside antimetabolite, gemcitabine (GEM); or the cytoskeleton inhibitors, docetaxel or paclitaxel (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) .
Multiple studies testing these two-drug regimens have shown different objective response rates (12-35%) but comparable results in terms of time to progression (4.5-7 months) and overall survival (7-10 months), with an average 1-year survival of 30-35% and 5-year survival of less than 10% (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) . In brief, a number of studies indicate that platinum-based chemotherapy can be considered the standard treatment for advanced NSCLC as it is associated with a cost-efficient reduction in mortality in the first six months and slight overall survival prolongation.
These studies have also shown that a good performance status and the possibility of receiving full-dose CDDP (80-100 mg/m 2 ) lead to a greater likelihood of achieving an objective response and clinical improvement (3) (4) (5) (6) (7) (8) 19 ), but this is a major problem in clinical oncology because NSCLC very often develops in elderly patients who have been longterm smokers and high-risk workers. As a result, they are frequently also affected by severe non-neoplastic cardiopulmonary diseases, such as chronic obstructive pulmonary disease (COPD), lung fibrosis, coronary disease, and hypertension-associated cardiac hypertrophy (3, 20) , that often further impair their clinical condition and worsen their performance status (3, 9, (11) (12) 20, 21) . It is for this reason that many NSCLC patients that are considered as having a very poor prognosis are excluded from receiving effective medical cancer treatment.
The results of more recent studies indicate that many cytotoxic drugs administered daily or weekly at lower doses (metronomic schedules) may be much better tolerated and lead to greater anti-tumour effects. These authors suggest that, used in this way, the same drugs, in addition to their specific mechanisms of tumour cell killing, become capable of modulating the tumour cell phenotype and disrupting tumour-associated angiogenic processes (22) (23) (24) (25) (26) . We hypothesised that high-risk NSCLC patients may benefit from these results and, thus, evaluated the toxicity and anti-tumoral activity of a novel metronomic regimen based on weekly intravenous (iv) CDDP and daily oral VP16. The patients were considered at high risk if they had a major cancerassociated pulmonary or cardiological disease, an ECOG performance status of ≥ 2, or were >70 years old. We decided to investigate the combination of CDDP and VP16 because it is considered to be highly synergistic in vitro and in vivo, active in the treatment of NSCLC, and also because it has been the standard treatment for NSCLC for several years (3) and is 10-100 times less expensive than the majority of newest drug combinations. However, especially in elderly patients, its use has been hampered by the occurrence of hematological toxicity, which often prevents the administration of full doses or requires the substitution of CDDP with its analogue, carboplatin (4) (5) (6) (7) (8) . We also chose this combination because VP16 may be given orally and has a good safety profile (16) (17) , and its chronic administration can affect angiogenesis. CDDP was chosen instead of its carboplatin analogue because it is considered more active in NSCLC (27) and has a pattern of toxicity that better suits its combination with VP16. Finally, there are published findings that multi-drug regimens including weekly low-dose CDDP administration in elderly NSCLC patients are both active and well tolerated (18) .
Patients and methods
Patients. The study enrolled 31 patients with a histological diagnosis of NSCLC (Table I ), all of whom had advanced disease, an ECOG performance status of ≤3, and a life expectancy of ≥3 months. Study enrolment required normal renal and hepatic function, a white blood cell (WBC) count of >2500/mm 3 , hemoglobin levels of >9 mg/mm 3 , a platelet cell count of >90,000/mm 3 , and a cardiac ejection fraction of >46%. The exclusion criteria were uncompensated valvular and wall motion abnormalities or arrhythmias, central nervous system (CNS) involvement, second tumours, uncompensated liver or other renal abnormalities, active infectious disease, or a history of other severe uncompensated cardiovascular diseases. The study was approved by our local ethics committee, and was performed in accordance with the applicable good clinical practice (GCP) guidelines. All of the patients gave written informed consent.
Study design. The study was designed to investigate the toxicity and activity of a new metronomic chemotherapy schedule combining weekly CDDP and oral VP16. In order to test the hypothesis that it is active in the treatment of patients with advanced high-risk NSCLC, at least 25 patients were required to maintain · and ß errors of respectively 5% and 20%. As the pharmacological response rate in patients with high-risk NSCLC is <25%, the study was to be terminated if no clinical response was found in at least two (20%) of the first 10 consecutively enrolled patients. Baseline and on-treatment clinical assessments. Before treatment, a complete history was taken of all of the patients, who also underwent a physical examination, complete blood count, serum chemistry tests, and complete disease staging by means of chest X-rays, brain, chest and abdominal computed tomography (CT), and liver and pelvis echography. As most of the patients were affected by concomitant smoking-associated cardiopulmonary diseases, all of them also underwent ultrasound investigation of left ventricular function and pulmonary volume analyses.
The staging examinations were repeated every two months, whereas full blood counts, biochemistry profile, liver function tests, electrocardiography (ECG), chest X-rays and urine analyses were repeated weekly.
Toxicity and response criteria. All of the eligible patients were evaluated for survival and toxicity, and considered evaluable for response if they had completed three treatment cycles. The patients who responded or had stable disease continued the treatment until the occurrence of disease progression or unacceptable toxicity. Overall survival was measured from the date of diagnosis to the date of death or the date of the last follow-up examination. Time to progression was evaluated from the beginning of treatment to the demonstration of disease progression or the date of the last follow-up examination. Response and toxicity were assessed using standard WHO criteria. A complete response was defined as the complete disappearance of all known measurable disease for at least one month, and a partial response as a decrease of almost 50% in known lesions lasting for at least one month. The area of two-dimensional lesions was defined as the product of the longest diameter multiplied by the greatest perpendicular diameter; disease stabilisation was defined as a <50% decrease or <25% increase in evaluable lesions lasting for one month without the appearance of new lesions, and progressive disease as a >25% increase in known disease or the appearance of new lesions (WHO criteria).
Pharmacokinetic study. Ten patients underwent pharmacokinetic study during treatment; the control group consisted of 10 patients receiving conventional infusional VP-16 and CDDP. Serial blood samples were drawn before and 0.25, 0.5, 1, 2, 3 and 6 h after oral intake (days 1, 8 and 21) or the end of infusion (days 1, 2 and 3) from the contralateral arm. The plasma was separated by means of centrifugation (3000 x g for 5 min) and stored at -70˚C until analysed for VP16 using a previously described reversed-phase HPLC method (28) .
Statistical and pharmacokinetic analysis. The data were expressed as the mean cumulative AUC (calculated as AUC x days of treatment) ± standard deviation (SD) after 1-21 days of oral or 1-3 days of intravenous VP16 administration.
The pharmacokinetic parameters of VP16, t 1/2 (terminal half-life), AUC (area under the curve in the dose interval), C max (peak plasma level) and T max (time to peak), were computed using standard non-compartmental methods (29) .
VEGF assay. VEGF was measured using a human VEGF sandwich ELISA kit (Chemicon International) as suggested by the manufacturer. The assays were performed on 100 μl of peripheral blood serum taken from ten study patients at baseline, and 72 h and 60 days after the start of treatment; the control was peripheral blood serum from 10 NSCLC patients receiving the standard infusional VP16 and CDDP regimen.
Results
Study design. The primary study endpoints were the response rate and time to progression (TTP); the secondary endpoints were the frequency of adverse events and overall survival. This was a classic two-step clinical trial that foresaw early discontinuation in the absence of at least two responses in the first 10 patients (20%), and an estimated final enrolment of at least 25 patients with a response rate higher than 25% for the treatment to be considered active. The drug doses and schedule were chosen on the basis of the results of previous studies of weekly CDDP and daily oral VP16 (30, 31) as palliative monochemotherapy; they were also extrapolated from previous phase I-II dose escalation studies showing the safety of the combination (unpublished results). Fifteen patients showed significant weight loss at the time of enrolment, and all reported a cough, hemoptysis or dyspnea.
Thirteen patients were more than 70 years old; 15 had long-lasting, high-grade chronic obstructive pulmonary disease (which had evolved into symptomatic peripheral lung emphysema in seven cases); six had significant heart disease (2 coronary ischemic disease, 2 hypertension-associated cardiac hypertrophy, and 2 had a pump defect with left heart insufficiency); and two showed pulmonary embolism at the baseline (before any treatment).
Ten patients had received a previous line of treatment. At the time of enrolment, all of the patients had advanced disease (stage IIIB-IV), and 10 of them had multiple metastatic sites (lung, liver, soft tissue and bone).
Toxicity. The patients received a median of 20 weeks of treatment (range, 4-24 weeks). Three died of pulmonary embolism after respectively two, three and six weeks of treatment. The treatment was very well tolerated by the others, and no grade 4 toxicity was recorded; the most frequent adverse events were grade III leukopoenia and anemia. A moderate and reversible increase in transaminase levels was observed in four patients, and cardiac arrhythmia (supraventricular fibrillation) in one; there were no episodes of hyper-or hypotension. Reversible and moderate creatinine and BUN abnormalities were recorded in two patients after 5-8 treatment cycles.
All of the patients received full CDDP doses but a 25% reduction in the VP16 dose was required in seven patients because of persistent hematological toxicity or increased transaminases. One patient who achieved a pathological complete response developed bilateral idiopathic aseptic hip osteonecrosis six months after the end of the treatment (Table II) .
Clinical responses. As this was an intent-to-treat study, all of the patients were considered in this analysis (Table III) . The objective response rate was 46.2% (2 complete and 12 partial responses) and the disease control rate was 58.1% (14 objective responses and 4 disease stabilisations); three patients died before undergoing instrumental re-evaluation and, in ten, the Table I . Patient characteristics. 
The median time to progression and survival was respectively 9 months (95% CI, 6.3-15.8 months) and 13 months (95% CI, 9.1-20.5). The average follow-up of these patients was 19 months; 4 patients (13%, two stage IIIB and two stage IV) who achieved an objective response were alive 32 months after enrolment.
Six patients with stage IIIb NSCLC who achieved a considerable objective response were administered radiotherapy (40-45 Gy in 4-5 weeks) after 24 weeks of chemotherapy, which led to a further improvement in response. Four of them experienced post-actinic pneumonitis which reversed with corticosteroids; and one underwent lobectomy and was found to have a complete pathological response.
Pharmacokinetic study. In an attempt to explain the high response rate and long time to progression, we performed a pharmacokinetic analysis aimed at investigating whether the regimen improved the patients' systemic exposure to the cytotoxic drugs. The pharmacokinetic parameters of oral and iv VP16 (C max , T max , t 1/2 and cumulative AUC) are shown in Table IV . The analysis showed that the VP16 maximal blood concentration defined C max was significantly less in patients who received the metronomic regimen (range, 1.09-5.11 μg/ml) than in those who received the conventional iv schedule (range, 10.26-26.3 μg/ml). The time needed to achieve the maximal concentration defined as T max was 120 min after oral administration and 60 min after iv infusion; the terminal half-life in the two groups was respectively 286.4+62.96 and 253.5+66.64 min.
On the other hand, the cumulative monthly VP16 average AUC (and therefore the drug bioavailability) was much greater in patients who received the metronomic regimen (Fig. 1) . These results were statistically significant even though a considerable inter-patient variation in the pharmacokinetic parameters was detected (P<0.05).
VEGF monitoring during metronomic treatment. In order to investigate the possible anti-angiogenic effects of the metronomic schedule reported in a number of preclinical studies, we monitored peripheral blood VEGF levels (Fig. 2) . These decreased during the study treatment in 10 patients (with the reduction becoming significant after 72 h of therapy) but increased in 10 control patients receiving the conventional iv CDDP and VP16 regimen. These results suggest that our treatment schedule may also affect tumour growth and neoangiogenesis by changing VEGF levels.
Discussion
We here report the results of a phase II trial of a novel metronomic treatment schedule with weekly CDDP and oral VP16 in patients with advanced NSCLC. The treatment was well tolerated and proved to be very active insofar as it led to a high rate of objective responses (45.2%) and disease control (58.1%), associated with a clinical benefit in the majority of the patients. These results are particularly interesting as the protocol was investigated in a category of high-risk patients usually considered as having a very poor prognosis (21, (31) (32) .
We believe that the differences between our results and those published in the literature are at least partly due to the fact that elderly patients or patients with major lung cancerassociated diseases are too easily considered unable to receive systemic treatments or, even worse, are treated with suboptimal doses of cytotoxic drugs. However, it has been repeatedly shown that both elderly and younger patients with advanced NSCLC can receive equal benefit from medical treatment if their cancer-associated diseases are kept under medical control (Langer CJ, et al, Proc Am Soc Clin Oncol 22: abs. 639, 2003; and 33-36). Closer collaboration among a team of specialists (geriatrists, cardiologists and/or pneumologists) could allow the clinical stabilisation and rescue of many patients who could eventually receive efficacious palliative chemotherapy (21, 32, 36, 37) .
Our treatment schedule was designed with the specific intent of administering full doses of CDDP and VP16 while Table III . Anti-tumour activity. -31  2  12  4  10  3  14  14+4  100%  6%  39%  13%  32%  9.6%  45%  58%  - 
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Mean time to progression and overall survival were respectively nine and thirteen months.
- --------------------------------------------------------------------------------------------------- Table II. Toxicity (31 patients) .
The patients received a median of 20 weeks of treatment (range, 4-24 weeks). Three patients died of pulmonary embolism after two, three and six weeks of treatment. One case of bilateral aseptic bone necrosis was observed in one of the two patients achieving a complete response; surgery revealed no metastatic involvement.
sparing as much as possible the urinary apparatus and cardiovascular system. The treatment strategy allows the administration of a monthly CDDP dose intensity that is equal to or more than that provided by the more conventional polychemotherapy schedules considered active against NSCLC. These regimens usually use VP16 or a new-generation drug (GEM, VNB or the taxanes) in combination with intravenous CDDP infusions of 80-100 mg/m 2 on days 1-2 of repeated 21-to 28-day cycles (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) . Different methods of administration may lead to completely different patterns of toxicity and antitumour activity as pharmacokinetic factors are critical for both. In this context, the AUC of VP16 is strictly related to its anti-tumour activity (38) . In this phase II trial, we carried out a parallel VP16 pharmacokinetic study in some of these patients, finding that the monthly cumulative VP16 AUC throughout the course of metronomic treatment was significantly greater than that achieved in a control group of ten NSCLC patients treated with the iv schedule, thus suggesting that the former led to much greater systemic drug exposure per month. This enhanced drug bioavailability was achieved without any additional occurrence of side effects, probably because the VP16 C max in patients receiving the metronomic schedule was significantly lower than that detected in patients receiving the conventional iv schedule. Higher plasma levels of VP16 are in fact associated with greater toxicity and not with better outcomes. Clark et al (39) suggested that the duration of exposure to lower drug levels (<2 μg/ml) may be important in terms of anti-tumour efficacy, whereas hematological toxicity may require slightly higher drug concentrations (>3 μg/ml). In this context, metronomic administration offers a pharmacological advantage as it allows greater systemic exposure to be achieved within the month, whilst maintaining relatively low daily plasma VP16 levels.
We also found that the metronomic regimen allowed the whole treatment to be administered without toxicity-related delays insofar as 90% of the patients completed the treatment cycle within 28 days, compared to the 60-70% recorded with more conventional regimens. This suggests that the use of weekly CDDP and oral VP16 delivers both greater dose intensity and greater dose density, a new pharmacological concept initially derived from breast cancer studies showing that patients receiving cytotoxic drugs with a shorter intercycle interval and no delay had a better prognosis (36) (37) 40) . This finding was explained on the grounds that a longer resting period between two chemotherapy cycles promotes drugresistant clones rising and leads to greater cancer recovery (40) .
The role of dose-density has also been investigated in NSCLC patients, and the results led to clinical trials of the latest weekly taxane-based treatment schedules (41) . This trend has been criticised since a phase III trial of weekly paclitaxel combined with carboplatin failed to demonstrate any survival advantage over the conventional 3-weekly schedule (27) . However, although these results need to be considered when designing new studies, the limitation may be specifically related to the unique pharmacological properties of paclitaxel and carboplatin (27, 40, 41) . ONCOLOGY REPORTS 16: 133-140, 2006 Table IV. Plasma pharmacokinetic parameters of oral and i.v. etoposide. - Another aspect that deserves consideration is that conventional cytotoxic drugs were developed with the intent of treating cancer by means of direct killing or by inhibiting the growth of cycling tumour cells, whereas there is increasing evidence that lower cytotoxic drug doses given at shorter rhythmic (metronomic) intervals may affect tumor growth in vivo by means of completely different mechanisms of action that interfere with tumour/host interactions at different levels (26, (42) (43) (44) (45) (46) (47) (48) (49) (50) (51) (52) (53) . For example, the metronomic use of several drugs may have a powerful anti-angiogenic effect by directly damaging newly formed tumour-associated vessels or by killing the proliferating endothelial stem cells that affect the formation of new vessels, which in turn sustain tumour expansion (22) (23) (24) (25) . In this context, Man et al have recently shown that the chronic (metronomic) administration of daily low-dose cyclophosphamide (CTX) is safe and efficacious in immune-compromised SCID mice inoculated with different cell types; their model shows that metronomic chemotherapy regimens may target multiple tumour-associated cell types (52) , including endothelial and drug-sensitive tumour cells, as well as other constituents contributing to the final tumour phenotype (53) .
The preliminary results of a number of other groups currently investigating this kind of approach in both preclinical and clinical contexts show that very low doses of many cytotoxic drugs, such as VP16, anthracyclines, taxanes, CTX, GEM and CDDP, may have biomodulating effects on the neoplastic cell phenotype, the host micro-environment and the immune system, which may lead to efficacious anti-tumour effects (22) (23) (24) (25) 52) .
This non-canonic use of chemotherapy may not be counterbalanced by the occurrence of drug-resistant neoplastic clones because it targets normal tumour-associated cells, such as tumour-induced endothelial cells, that are genetically much more stable than their inducers (cancer cells) (9) (10) 14, 20, (22) (23) (24) (25) . Man et al investigated the mechanisms of resistance to the metronomic modality in their model, and their preliminary results show no sign of acquired resistance (in PC3 prostate carcinoma cells), thus suggesting the occurrence of a CTX-altered host mechanism that involves altered drug metabolism by host liver enzymes (53) or changes in tumour vessel substrates. The same authors have shown that the CTX-based metronomic regimen synergistically interacts with other classes of anti-angiogenic drugs, which also suggests that other chemotherapeutic drugs may be similarly efficacious when delivered using metronomic dosing schedules (26, (42) (43) (44) (45) (46) (47) (48) (49) 53) .
In our study, we also found a significant reduction in VEGF levels during treatment, which may definitely improve the antiangiogenic effects of metronomic chemotherapy. This effect was not observed in NSCLC patients receiving the conventional intravenous treatment schedule. The anti-angiogenic approach is currently considered one of the most promising therapeutic approaches to NSCLC, and some of the newest biological drugs (monoclonal antibodies such as Avastin®, and thyrosine kinase inhibitors) are being tested in NSCLC patients (54) (55) (56) (57) (58) . Furthermore, the ECOG 4599 trial has recently provided promising preliminary data in terms of survival when the carboplatin/paclitaxel doublet regimen is combined with the Avastin® anti-VEGF monoclonal antibody (58) .
On the basis of the clinical results obtained with our metronomic VP16 and CDDP regimen, its low toxicity level, and the very low cost of treatment (50-100 times less than that of the most widely used polychemotherapy strategies), we propose the investigation of our metronomic regimen in combination with a third-generation anti-angiogenic drug; and the designing of a phase III trial aimed at comparing this regimen with the standard treatment in high-risk patients with stage IIIB + and stage IV NSCLC.
